Background: Sodium-glucose cotransporter 2 inhibitor (SGLT2i) blocks reabsorption of glucose by inhibiting SGLT2 in kidney, promotes the renal excretion of glucose and improves blood glucose control without requiring insulin secretion. Anti-atherosclerotic effects of SGLT2is have not been fully elucidated until today.
Introduction
Sodium-glucose cotransporter 2 (SGLT2) is expressed in the proximal tubule of kidney and mediates reabsorption of glucose [1] , and SGLT2 inhibitor (SGLT2i) blocks reabsorption of glucose by inhibiting SGLT2, promotes the renal excretion of glucose and improves blood glucose control without requiring insulin secretion [2] .
We previously proposed the possible anti-atherosclerotic effects beyond glucose lowering of SGLT2i [3] . Briefly, caloric loss by SGLT2 inhibition may decrease plasma glucose without increasing insulin secretion, which may reduce body weight and result in improvement of insulin resistance. Improvement of insulin resistance may ameliorate atherosclerotic risk factors such as dyslipidemia, hypertension and elevated inflammatory cytokines [3] . Osmotic diuretics by SGLT2 inhibition may also decrease blood pressure (BP), favorably affecting atherosclerosis [3] .
Actually, EMPA-REG OUTCOME, a randomized placebo-controlled trial (RCT) that examined the effect of empagliflozin in addition to standard of care in patients with type 2 diabetes and established cardiovascular (CV) disease demonstrated a significant reduction in the incidence of CV death and heart failure hospitalization [4] .
However, whether SGLT2i is associated with reduction in myocardial infarction or not, or whether the beneficial effect observed with empagliflozin in EMPAREG OUTCOME study is a class effect or not, remained to be controversial [5] [6] [7] [8] .
Anti-atherosclerotic effects of SGLT2i have not been fully elucidated until today. Our institute, National Center for Global Health and Medicine (NCGM), is the National Center which has the discovery of the best therapy for diabetes as our mission, and has many specialists for diabetes treatment. To elucidate anti-atherosclerotic effects of SGLT2i, we retrospectively studied six kinds of SGLT2is (tofogliflozin, canagliflo-Effects of SGLT2i on Metabolic Parameters J Clin Med Res. 2017;9(7):605-612 zin, empagliflozin, ipragliflozin, dapagliflozin and luseogliflozin) and also summarized effects of all SGLT2is on metabolic parameters including coronary risk factors in patients with type 2 diabetes. Further, we studied the most crucial factor at baseline to determine the changes in metabolic parameters due to SGLT2is.
Materials and Methods
This study was approval by the Institutional Ethics Committee in National Center for Global Health and Medicine, and was also performed in accordance with the Declaration of Helsinki. We selected patients with type 2 diabetes who had been prescribed the standard-dose of SGLT2is for 3 months or longer between April 2014 and December 2016 based on medical charts. We compared the data at baseline and at 3 and 6 months after the start of SGLT2i. Body weight, BP, plasma glucose, hemoglobin A1c (HbA1c), serum low-density lipoprotein-cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), uric acid, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and γ-glutamyltransferase (γ-GT) in studied subjects were measured almost at the same time point at the baseline and 3 or 6 Yanai et al J Clin Med Res. 2017;9(7):605-612 months after the start of SGLT2 inhibitors. LDL-C levels were determined by the direct measurement or by the Friedewald's formula. Estimated glomerular filtration rate (eGFR) was calculated by a modified three variable equation for estimating GFR in Japanese patients [9] .
Comparison of the variables determined before and after was analyzed by a paired Student's t-test. Spearman's correlation was performed to determine the correlations between the data before the start of SGLT2i treatment and changes in variables after the SGLT2i treatment. All data are expressed as mean ± SD. P < 0.05 and P < 0.1 were considered to be statistically significant and to show tendency, respectively.
Results
We found 26 patients treated with tofogliflozin (age, 54.0 ± 11.5 years; male/female, 11/15), 34 patients with canagliflozin (56.6 ± 16.2 years; male/female, 16/18), 27 patients with empagliflozin (51.0 ± 9.2 years; male/female, 15/12), 23 patients with ipragliflozin (50.0 ± 14.0 years; male/female, 9/14), 68 patients with dapagliflozin (52.3 ± 13.4 years; male/female, 35/33) and 71 patients with luseogliflozin (54.4 ± 13.4 years; male/female, 42/29). Total 249 patients had been treated by SGLT2i at least for 3 months.
Changes in metabolic parameters at 3 and 6 months after the start of each SGLT2i were shown in Tables 1-6 . Tofogliflozin significantly reduced body weight at both 3 and 6 months after the start, and significantly reduced HbA1c at 3 months and tended to reduce HbA1c at 6 month (Table 1 ). AST at 3 months, γ-GT and uric acid at 6 months tended to decrease from baseline. Canagliflozin tended to reduce body weight at 3 and 6 months, and systolic BP at 3 months (Table 2) . Both systolic and diastolic BP significantly decreased by canagliflozin at 6 month. Canagliflozin significantly reduced plasma glucose and HbA1c at both 3 and 6 months. Serum γ-GT and TG tended to decrease at 3 months, and γ-GT significantly decreased, from baseline, at 6 months. Empagliflozin significantly reduced body weight, plasma glucose and HbA1c, and significantly increased HDL-C at 6 months (Table 3) . HbA1c, TG and non-HDL-C significantly decreased from baseline at 3 months. Ipragliflozin significantly reduced body weight and HbA1c at 3 months, and tended to reduce body weight at 6 months (Table 4 ). HbA1c and AST significantly decreased from baseline at 6 months. Dapagliflozin significantly reduced body weight and HbA1c at 3 months, and reduced body weight, HbA1c, AST and ALT, and also increased HDL-C at 6 months (Table 5) . Luseogliflozin significantly reduced body weight, diastolic BP, HbA1c, AST, ALT, γ-GT and uric acid at both 3 and 6 months. Systolic BP, plasma glucose, and TG tended to decrease from baseline at 3 months, and TG and non-HDL-C significantly decreased from baseline at 6 months (Table 6) .
Changes in metabolic parameters at 3 and 6 months after the start of SGLT2is were shown in Table 7 , and the summary of changes due to each SGLT2i was shown in Table 8 . SGLT2is significantly reduced body weight, systolic BP, plasma glucose, HbA1c, AST, ALT and γ-GT at both 3 and 6 months, and significantly decreased diastolic BP, uric acid and non-HDL-C at 3 months. Serum TG at both 3 and 6 months, diastolic BP and non-HDL-C at 6 months tended to decrease, and HDL-C at 6 months tended to increase by SGLT2i treatment.
The most crucial determinant in parameters at baseline for changes in metabolic parameters due to SGLT2i treatment was shown in Table 9 . Changes in systolic BP, diastolic BP, plasma glucose, HbA1c, AST, ALT, uric acid and LDL-C at both 3 and 6 months after the start of SGLT2i were most closely correlated with systolic BP, diastolic BP, plasma glucose, HbA1c, AST, ALT, uric acid and LDL-C at baseline, respectively. Changes in γ-GT at 3 months were most closely correlated *P < 0.1 and **P < 0.05 vs. baseline.
Effects of
with γ-GT at baseline; however, the most crucial determinant of changes in γ-GT at 6 month was ALT. Changes in TG at 3 and 6 months were most closely correlated with non-HDL-C and TG at baseline, respectively. Changes in HDL-C at 3 and 6 months were most closely correlated with LDL-C and HDL-C at baseline, respectively, and changes in non-HDL-C at 3 and 6 months were most closely correlated with non-HDL-C and LDL-C at baseline, respectively. Changes in body weight at both 3 and 6 months were most closely correlated with systolic BP but not body weight at baseline. The change in body weight at 3 months was significantly correlated with body weight at baseline (r = -0.2; P = 0.022), however, that at 6 months was not significantly correlated with body weight at baseline (r = -0.157; P = 0.125).
Discussion
SGLT2i has been proved to be significantly associated with weight loss and reduction of BP, in addition to lowering plasma glucose, by a relatively large number of studies [3] . However, effects of SGLT2i on other metabolic parameters including coronary risk factors such as serum lipids, uric acid and liver function remained to be unclear. Yanai et al J Clin Med Res. 2017;9(7):605-612
A 12-week dapagliflozin (10 mg/day) treatment exerted no significant effect on HDL-C levels [10] ; however, a 6-month dapagliflozin treatment significantly elevated HDL-C levels in present study. In pooled analysis of phase 3 study results, relative to placebo, favorable changes in HDL-C and TG were seen with canagliflozin (26-week treatment); increases in LDL-C were also seen [11] . However, in our study, canagliflozin tended to decrease TG; however, any changes in both HDL-C and LDL-C were not observed.
A 12-week dapagliflozin treatment reduced serum uric acid in the study by List et al [12] , which was not observed in our study. An 8-week tofogliflozin treatment (n = 10) tended to decrease postprandial TG and significantly decreased uric acid, and a 16-week tofogliflozin (n = 10) treatment significantly elevated HDL-C [13] . However, tofogliflozin did not affect liver function. In our study, tofogliflozin ameliorated liver function and uric acid, but did not show any influences on serum lipids. A 12-week ipragliflozin treatment (n = 257) significantly reduced body weight, systolic and diastolic BP, plasma glucose, HbA1c, TG, AST, ALT, γ-GT, uric acid, and elevated HDL-C, in the study by Iizuka et al [14] . However, ipragliflozin treatment (n = 23) reduced only body weight, HbA1c and AST. We obtained the similar results to those in Iizuka's study, by luseogliflozin treatment (n = 71), suggest- Effects of SGLT2i on Metabolic Parameters J Clin Med Res. 2017;9(7):605-612 ing that the number of subjects is largely associated with the results by SGLT2i treatment.
In our previous study, we examined effects of SGLT2i on metabolic parameters in 50 patients with type 2 diabetes, and we found that SGLT2i improved the glycemic control and reduced body weight and serum AST and ALT levels, whereas no significant changes were observed in serum lipids and uric acid [15] . However, in present study (n = 249), SGLT2is reduced serum TG, non-HDL-C and uric acid, and also increased serum HDL-C, supporting a significant influence of the number of subjects on results due to SGLT2i. We also think that the levels of metabolic parameters at baseline may affect changes in metabolic parameters. Briefly, the decrease in systolic BP due to SGLT2i is larger in patients with higher systolic BP at baseline. In our study, change in each metabolic parameter except for body weight was significantly correlated with each metabolic parameter at baseline, supporting our hypothesis. Controversial results in metabolic parameters may be due to difference in the number of participants, data at baseline and duration of treatment.
In terms of the occurrence of CV events due to SGLT2i, Monami et al performed a meta-analysis of RCTs, and found that treatment with SGLT2is was associated with a significant reduction in all-cause mortality, CV mortality, and myocardial infarction, but not stroke, with no apparent difference across molecules [5] . However, another meta-analysis of RCTs suggested that SGLT2i appeared to reduce both all-cause and CV mortality, and the benefit was only seen with empagliflozin, and potential harm was observed with dapagliflozin [6] , challenging a class effect of SGLT2i [5] . However, the meta-analysis by Tang et al denied any harm associated with dapagliflozin [7] . A recent systematic review and meta-analysis by Wu et al reported that SGLT2i protected against the risk of major adverse CV events, CV death, heart failure, and death from any cause, and no clear effect on non-fatal myocardial infarction or angina, and an adverse effect for non-fatal stroke [8] .
McGovern et al performed a cross-sectional analysis of CV risk in patients with type 2 diabetes and a subgroup prescribed SGLT2i to identify and describe the proportion of patients with type 2 diabetes who have the comparable high CV risk to those included in the EMPA-REG trial, and they concluded that the EMPA-REG trial results are applicable only to a small proportion of patients with type 2 diabetes and additional data are required [16] , suggesting also an importance of backgrounds of subjects at baseline.
The present study has several limitations. First, other hypoglycemic, anti-hypertensive, or lipid lowering agents, food intakes and/or exercise levels may have an influence on the study results. Second, the number of studied subjects was small because of the limited availability. Third, since the study was based on charts, lack of data might influence the results. A more detailed prospective study is recommended to evaluate the effects of SGLT2i on metabolic parameters more validly.
The present study also has the strength. First, metabolic parameters were measured by the same laboratory. Second, subjects were treated by the specialists for diabetes treatment who were equally educated by the same specialist. Third, to our knowledge, this study is the first to show effects of six SGLT2is on metabolic parameters in patients with type 2 dia- Effects of SGLT2i on Metabolic Parameters J Clin Med Res. 2017;9(7):605-612
betes.
Conclusion
Our study demonstrated that SGLT2i ameliorated body weight, systolic and diastolic BP, liver function, serum lipids and uric acid, in addition to improvement of glucose metabolism.
